BACKGROUND: Health care quality problems are reflected in the underuse, overuse, and misuse of health care services. There is evidence suggesting that the quality of rheumatoid arthritis (RA) patient care is suboptimal, which has spurred the development of a number of systematic quality improvement metrics.
R heumatoid arthritis (RA) is an autoimmune disease characterized by chronic inflammation of the synovial joints and surrounding tissues; in severe cases, RA can progress and involve other organ systems. 1 It is estimated that nearly 50 million U.S. adults suffer from some form of arthritis, 2 with 1.3 million suffering specifically from RA. 3 In the United States alone, the annual societal costs of RA have been estimated at $128 billion. 4 Health care quality problems impact patients with chronic illnesses as reflected in the underuse, overuse, and misuse of services. 5 The Institute of Medicine has famously defined quality in health care as "the degree to which health services for individuals and populations increase the likelihood of desired health outcomes and are consistent with current professional knowledge." 6 Although the treatment of RA has improved significantly over the past decade with the development of a variety of biologic agents targeting molecules critical to chronic inflammation (e.g., tumor necrosis factor alpha 7 ), some evidence suggests that the quality of RA patient care remains suboptimal, [8] [9] [10] particularly among the geriatric population. 11, 12 For this reason, a number of quality improvement measures have been developed to assess the various components of RA treatment.
Efforts to improve quality in health care over the past 50 years have utilized a number of approaches, including the redesign of continuing professional education, improved physician practice peer review, and the systematic measurement of quality improvement. 13 The American College of Rheumatology, 14 the American Medical Association, 15 and the National Quality Forum (NQF) 16 have developed their own recommendations
• In the United States, the annual societal costs of rheumatoid arthritis (RA) have been estimated at $128 billion.
• Although the treatment of RA has improved significantly with the development of a variety of biologic agents, some evidence suggests the quality of RA patient care remains suboptimal.
• Efforts to improve quality in health care have utilized a number of approaches, including the redesign of continuing professional education, improved physician practice peer review, and the systematic measurement of quality improvement.
What is already known about this subject
• This study investigated the rate of RA quality process measurement achievement in a national sample of commercially insured patients diagnosed with RA.
• Overall, a majority of the sample eligible for inclusion in the measure calculations met the requirements for these indicators, with attainment rates ranging from 56.0%-81.6% across 4 years.
• Although results are encouraging, nearly 25% of patients may be receiving suboptimal care, suggesting potential need for increased patient or physician awareness.
714.x) and (b) a place of service code for either "office" or "outpatient hospital." For measures requiring the detection of ambulatory or oral DMARD utilization, the "brand name" field in the pharmacy table was used to identify relevant medications. For measures 0589 and 0590, which did not restrict DMARD usage to ambulatory fills, relevant J-codes appearing in the "procedure code" field on the medical record were used in addition to the pharmacy record. For measures requiring the detection of laboratory tests, appropriate Current Procedural Terminology (CPT) codes appearing on the medical record were used. The laboratory results table was not used in any of the calculations, since the measures were designed to consider billing claims only. Finally, all measures also included the exclusionary criteria defined by the NQF (for a complete description of measure definitions, visit www.qualityforum.org). The list of the drug brand names, generic names, J-codes, and CPT codes used to calculate these measures may be viewed in the Appendix, available in the online article. All measures were calculated over calendar years 2009-2012.
Measure 0054: DMARD Therapy. This measure was designed to assess the frequency in which ambulatory DMARD prescriptions were filled. Members were included in the denominator statement if they met the RA diagnosis criterion and were continuously eligible for the entire measurement year. Members were included in the numerator if they filled 1 ambulatory prescription for any DMARD between January 1 and November 30 of the measurement year.
Measure 0589: New DMARD Baseline Serum Creatinine Testing. This measure was designed to assess the frequency in which appropriate baseline serum creatinine testing was performed after a new start of select DMARDs. Members in the denominator must have been continuously eligible for 2 yearsthe measurement year and the year prior to the measurement year-and must have also met the RA diagnosis criterion in any of the 3 most recent available calendar years starting with the measurement year. Members must also have been newly treated with either methotrexate, leflunomide, azathioprine, D-Penicillamine, intramuscular gold, cyclosporine, or cyclophosphamide during the measurement year. A new treatment start was operationally defined as the first appearance of any of the aforementioned DMARDs preceded by a 1-year treatmentnaïve period. Members were included in the numerator if baseline serum creatinine testing was performed within 90 days before or 14 days after the new DMARD initiation.
Measure 0590: New DMARD Baseline Liver Function Test. This measure was designed to assess the frequency in which appropriate baseline liver function testing was performed after a new start of select DMARDs. Members in the denominator must have been continuously eligible for 2 years-the measurement year and the year prior to the measurement yearfor quality measures pertaining to RA. To date, a comprehensive examination of the feasibility and overall adoption rate of the NQF RA indicators has yet to be undertaken. Using administrative claims data, this exploratory study investigated process quality measure achievement in a national sample of commercially insured patients diagnosed with RA. The specific metrics investigated were adopted by the NQF in December 2009 and were endorsed through July 2014. All data were void of identifying information in compliance with the Health Insurance Portability and Accountability Act of 1996. Therefore, institutional review board approval was unnecessary for this study. Table 1 contains the official descriptions of the 8 RA quality process measures examined in this study, which were selected based on calculation feasibility within a claims database.
■■

Measures
16
Each measure is calculated over an individual calendar year. The calculation of these measures using administrative claims data requires the computation of the following 2 components for each indicator: 1. Denominator statement: The denominator consists of the number of patients aged more than 18 years meeting the criteria for an RA diagnosis during either the measurement year, or in the case of measures examining existing RA patients, in the previous year(s). Denominator statements will also specify an additional inclusion criterion based on the particular type of patient the measure was designed to assess (e.g., new disease-modifying antirheumatic drug [DMARD] initiator or existing methotrexate user).
Numerator statement:
The numerator for each measure will be a subset of patients in the denominator who receive some form of treatment or lab test that is indicative of quality patient care.
The claims-based logic used to calculate each measure is described in the following paragraphs. For all denominator statements, patients were required to be continuously eligible for the entire year and must have met the following criteria for a diagnosis of RA during a given year: Two claims on 2 separate dates with (a) a primary diagnoses of RA (ICD-9-CM Patients who had at least 1 ambulatory prescription dispensed for a DMARD during the measurement year.
All patients, aged ≥ 18 years as of December 31 of the measurement year, with a diagnosis RA. Two face-to-face physician encounters with an RA diagnosis with different dates of service in an ambulatory or nonacute inpatient setting between January 1 and November 30 of the measurement year are required to confirm an RA diagnosis. This measure identifies adult patients with RA who were prescribed at least a 6-month supply of methotrexate during the measurement year and received an LFT in the 120 days (3 months + 1-month grace period) following the earliest observed methotrexate prescription claim.
Patients in the denominator who received an LFT within 120 days following the earliest observed methotrexate prescription claim.
Patients aged ≥ 18 years with RA who have received at least a 6-month supply of oral methotrexate during the measurement year.
Methotrexate: CBC within 3 months
This measure identifies adult patients with RA who were prescribed at least a 6-month supply of methotrexate during the measurement year and received a CBC test within 120 days (3 months + 1-month grace period) following the earliest observed methotrexate prescription claim.
Patients in the denominator who received a CBC test within 120 days following the earliest observed methotrexate prescription claim.
0599 Methotrexate: creatinine within 3 months This measure identifies adult patients with RA who were prescribed at least a 6-month supply of methotrexate during the measurement year and received a serum creatinine test in the 120 days (3 months + 1-month grace period) after the earliest observed methotrexate prescription claim.
Patients in the denominator who received a serum creatinine or BUN test in the 120 days following the earliest observed methotrexate prescription claim.
ALT = alanine aminotransferase; AST = aspartate aminotransferase; BUN = blood urea nitrogen; CBC = complete blood count; CRP = C-reactive protein; DMARD = diseasemodifying antirheumatic drug; ESR = erythrocyte sedimentation rate; LFT = liver function test; RA = rheumatoid arthritis.
TABLE 1
Quality Process Rheumatoid Arthritis Measures
and must have also met the RA diagnosis criterion in any of the 3 most recent available calendar years starting with the measurement year. Members must also have been newly treated with either sulfasalazine, methotrexate, leflunomide, azathioprine, cyclosporine, or cyclophosphamide during the measurement year. A new treatment start was operationally defined as the first appearance of any of the aforementioned DMARDs preceded by a 1-year treatment-naïve period. Members were included in the numerator if baseline liver function testing was performed within 90 days before or 14 days after the new DMARD initiation.
Measure 0592: Annual Erythrocyte Sedimentation Rate or C-Reactive Protein. This measure was designed to assess the frequency in which patients with a history of RA receive annual erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP) tests. Members in the denominator must have been continuously eligible for the entire measurement year and must have also met the RA diagnosis criterion in any of the 3 most recent available calendar years preceding the measurement year. Members were included in the numerator if they received ESR or CRP tests any time during the measurement year.
Measure 0601: New RA Baseline ESR or CRP Within 3 Months. This measure was designed to assess the frequency in which new RA patients receive appropriate ESR or CRP tests. Members in the denominator must have been continuously eligible for the entire measurement year and the year prior to the measurement year. Additionally, members must have also met the RA diagnosis criterion during the first 8 months of the calendar year and may not have met the RA diagnosis criterion in the 2 most recently available calendar years prior to the measurement year. Members were included in the numerator if they received ESR or CRP tests within 120 days of the earliest RA diagnosis appearing in the measurement year.
Measure 0597: Methotrexate-Liver Function Test Within 3 Months. This measure was designed to assess the frequency in which RA patients treated with methotrexate receive liver function tests. Members in the denominator must have been continuously eligible for the entire measurement year and must have met the RA diagnosis criterion during the measurement year. Additionally, members must have received a minimum of a 6-month supply of oral methotrexate during the measurement year. Members were included in the numerator if they received a liver function test within 120 days following the earliest observed methotrexate prescription claim.
Measure 0598: Methotrexate-Complete Blood Count Test Within 3 Months. This measure was designed to assess the frequency in which RA patients treated with methotrexate receive a complete blood count (CBC) test. Members in the denominator must have been continuously eligible for the entire measurement year and must have met the RA diagnosis criterion during the measurement year. Additionally, members must have received a minimum of a 6-month supply of oral methotrexate during the measurement year. Members were included in the numerator if they received a complete blood CBC test within 120 days following the earliest observed methotrexate prescription claim.
Measure 0599: Methotrexate-Creatinine Within 3 Months. This measure was designed to assess the frequency in which RA patients treated with methotrexate receive serum creatinine or blood urea nitrogen (BUN) tests. Members in the denominator must have been continuously eligible for the entire measurement year and must have met the RA diagnosis criterion during the measurement year. Additionally, members must have received a minimum of a 6-month supply of oral methotrexate during the measurement year. Members were included in the numerator if they received a serum creatinine or BUN test within 120 days following the earliest observed methotrexate prescription claim.
For measures examining history of RA (0589, 0590, 0592) or absence of RA to identify new patients (0601), a minimum of 2 years of eligibility was imposed on the sample (the measurement year and the year prior to the measurement year), since these 2 years were essential to correctly calculating measures. However, an RA diagnosis look-back period of a maximum of 3 years was utilized for those patients with available claims dating back further. This method allowed for the identification of those RA patients who may have been out of treatment for an extended period of time, which may have incorrectly resulted in their inclusion/exclusion in these measures. This method was employed as an extra level of assurance that as many "correct new" or "correct existing" RA patients as possible were captured for the respective measures-again, given that some may have been out of treatment for some time.
Demographic Characteristics
For each calendar year in which the quality measures were reported (2009-2012), patient demographics were summarized from the membership table. Measures included age, gender, geographic region of residence, insurance line of business, and type of benefit plan. Additionally, the Charlson Comorbidity Index, an overall measure of health, was calculated during each measurement year, as were the rates for a variety of other comorbidities of interest. 17 The Charlson Comorbidity Index was developed to predict mortality and is calculated by summing the number of comorbid diagnoses (weighted by severity) appearing during a specified period of time. A greater number of comorbidities results in a higher score and is an indication of lower overall health. 17 Given that each quality measure contains specific inclusion and exclusion criteria resulting in the creation of a unique sample for each measure for each year, analyses of demographics included all members meeting the age and RA diagnosis inclusion criteria for a given year.
Data Analysis
Descriptive statistics were reported for all demographic measures, including means and standard deviations for scale variables, frequencies, and proportions for categorical variables. For each process quality metric, numerator and denominator frequencies were reported, in addition to the proportions of patients achieving each quality measure per year. All data management and analyses were conducted using SPSS v.20 (SPSS Inc., Chicago, IL).
■■ Results
Sample characteristics in each measurement year are shown in Table 2 . All demographic characteristics assessed were consistent across the 4 measurement years. Approximately 75% of the sample was female (range = 75.3%-76.0%), with a mean age of early fifties (52.8-53.1 years). In addition, the majority of the members were residents of the southeastern and middle regions of the United States (74.5%-75.8%), and nearly all had commercial coverage (more than 97%). Osteoarthritis, hypertension, and disorders of lipid metabolism were the most prevalent comorbid conditions observed in this sample.
Quality process measure achievement by year are presented in Table 3 . The majority of adult RA patients received at least 1 prescription for a DMARD (measure 0054) across the 4 measurement years (range = 78.5%-81.6%). The majority of patients initiating a new DMARD received appropriate baseline serum creatinine testing, 68.0%-70.3% (measure 0589) and baseline liver function testing, 69.3%-71.0% (measure 0590). ESR and CRP testing were also evident in the majority of the sample. Between 56.0%-58.7% of existing RA patients received their annual ESR or CRP test (measure 0592), while 67.0%-72.2% of newly diagnosed RA patients received baseline ESR or CRP testing within 3 months of the initial diagnosis (measure 0601). Finally, utilization of appropriate lab tests among methotrexate users was also high, with between 74.5%-75.7% receiving liver function tests (measure 0597), 74.5%-76.0% receiving CBC tests (measure 0598), and 70.1%-72.6% receiving serum creatinine tests (measure 0599).
■■ Discussion RA is a systemic autoimmune disease characterized by excessive inflammation that primarily manifests in synovial joints but can occur in other tissues of the body. Treatment of RA is aimed at reducing inflammation leading to reduced pain, increasing quality of life, and preventing irreversible damage to joints and tissues. The purpose of this exploratory study was to examine RA quality process measures in a commercially insured, national sample of RA patients. These measures were 
TABLE 2
Sample Demographics by Year measure assessing annual ESR or CRP testing of existing RA patients (measure 0592) was achieved by the lowest proportion of patients (56.0%-58.7%).
DMARDs are considered the standard of care for RA treatment; therefore, the proportion of patients filling at least 1 ambulatory prescription for a DMARD (measure 0054) was expected to be achieved at the highest rate (78.5%-81.6%). 18 It is worth noting that this measure does not currently include patients receiving intravenously administered biologic DMARDs, such as infliximab, abatacept, and tocillizumab, so the true number of DMARD-treated patients in this sample is likely somewhat greater than reported. Indicators assessing CBC and liver function testing with methotrexate (among 1 of the most commonly prescribed DMARDs) were also met at a high rate (74.5%-75.7% and 74.5%-76.0%, respectively; measures 0597 and 0598). Creatinine testing within 12 weeks of initiation of methotrexate (measure 0599) was achieved by fewer patients (70.1%-72.6%). Although each of these measures were attained by the majority of eligible methotrexate users, a gap remains between the completion of CBC and liver function testing compared with creatinine testing. The most common side effects of methotrexate involve the hematologic and hepatic systems. 19, 20 The reduced percentage of patients receiving creatinine testing compared with liver function testing is consistent with the relative rates of organ system involvement-approximately 30% hepatic system and 2% renal system. 21, 22 Additional studies may be needed to investigate whether significant differences exist in the rate at which these tests are received by methotrexate users.
Measures assessing change in treatment, such as appropriate testing for new DMARD prescriptions (measures 0589 and 0590) or lab tests for a new RA patient altogether (measure 0601), were achieved by a greater proportion of patients (67.1%-72.2%) than the lone measure assessing annual lab testing by existing RA patients (measure 0592), which was only achieved by 56.0%-58.7%. Further, measures 0589 and 0590, which examine baseline levels for serum creatinine and liver function testing, respectively, were met at a similar rate, which is in contrast to the differential rates of measure achievement in methotrexate users receiving these same tests (measures 0597 and 0599). It must be noted that the similar percentages observed for measures 0589 and 0590 are more in line with the percentage meeting measure 0599, indicating a reduction in liver function testing in patients receiving a new DMARD therapy compared with methotrexate users. The reason for this drop in liver function testing in patients receiving a new DMARD requires further study.
Measure 0592 assesses annual ESR and CRP testing and was achieved by the lowest proportion of patients (56.0%-58.7%). These tests determine the amount of inflammation present in the blood and are an indication of how well RA is being controlled. The low achievement rate of this measure, relative to endorsed by the NQR from 2009 to 2014 and were designed as tools for physicians to objectively measure and document patient response and tolerance to therapy over time. This is the first peer-reviewed examination of the relevance of these measures with an application to administrative claims data.
The overall attainment of the 8 quality measures examined in the present study was high, with rates ranging from 56.0%-81.6%. Patterns emerged among those measures assessing similar aspects of treatment. 41, 42 coding inconsistencies across providers, general coding mistakes, and the dearth of clinical outcomes are some of their well-known inadequacies. 43 Assessment of disease management through the use of patient medical data without direct patient or provider input can simplify analysis but is likely to result in an inherently less accurate conclusion. For instance, the disease activity measures with good or excellent reliability and validity as determined by the American College of Rheumatology include provider and patient assessments in the calculation. 44 These measures were designed as tools for physicians to evaluate patients over time through analysis of administrative claims and medical records, making the trade-off of accuracy in disease management for ease of data analysis. This is not to state that these measures do not accurately reflect patient care; rather, they assess different aspects of care than measures that include physician or patient assessment. Although much of the information required to calculate these process measures may be gleaned from administrative claims, their aforementioned limitations may contribute to underperformance on the quality measures. Additionally, a number of measures assess laboratory testing, and whether the use of laboratory results or laboratory procedure codes are being used in the calculation of these measures, these tests may be ordered by physicians other than the treating rheumatologist, making it difficult to discern in a claims dataset whether patients are receiving these tests as part of their RA monitoring or for other comorbid conditions. One final limitation was the sample, which consisted of members of a single commercial health plan. It is unknown how results may generalize to members of other health plans or to the uninsured.
■■ Conclusions
This is the first peer-reviewed examination of RA quality measure achievement assessed through administrative claims data of which the authors are aware. The present findings suggest that the majority of this commercially insured sample of RA patients is achieving these quality outcomes. Overall, measures assessing various aspects of existing DMARD usage, specifically methotrexate, were attained at high rates, while measures assessing new treatments, including new DMARD prescriptions or laboratory tests by new RA patients, were achieved by a slightly lower rate, albeit still the majority. Although results are encouraging, nearly 25% of patients may be receiving suboptimal care, suggesting a potential need for increased patient or physician awareness.
Additionally, it is presently unclear if increased measure attainment translates into genuine health care quality improvement and decreased health care costs. Further studies are needed to validate current findings, in addition to understanding whether attainment of these measures translates into better overall health or RA-related outcomes. Although these measures are designed to address common treatment pathways other measures, may suggest that physicians are using other means to monitor disease activity, such as swollen and tender joint counts, patient reports, or composite disease activity measures. Conversely, these relatively lower rates of ESR and CRP testing may be indicative of a lack of consensus among physicians as to the best way to monitor disease activity. Elevations in ESR and CRP levels are an effective marker for inflammation, although their usefulness in tracking inflammation levels in individuals with chronic inflammation such as RA remains unclear. 23 Discordant results have been reported among the 2 tests, and baseline levels can change with age. [24] [25] [26] Further, the correlation of ESR and CRP levels with disease activity is not straightforward. [27] [28] [29] [30] [31] [32] [33] [34] As a result, there is a lack of consensus among physicians as to which test to use, as well as the overall accuracy of these tests as a marker of RA disease severity. [25] [26] [27] [28] 30, 33, 35, 36 Further study into physician practices and the clinical outcomes of RA disease activity monitoring will be able to clarify this issue. Regardless of the method used, increased monitoring of RA patients, even when the disease is well controlled, could allow for earlier identification of inflammatory flares and prompt treatment, hopefully preventing unnecessary tissue degradation and disease progression.
Although nearly 75% of this commercially insured sample of RA patients appear to be attaining these quality metrics on an annual basis, there remains a sizeable proportion of patients (approximately 25%) who may be receiving suboptimal care. Based on the present study, it cannot be determined if this is largely patient-or physician-driven or some combination of both, but the undertreatment of RA has been shown to substantially increase health care costs. 37, 38 Alternatively, it remains unclear if attainment of these measures translates into actual costs savings and improved clinical outcomes. A recent review found a small to moderate association between health care quality and cost, 39 and there is some evidence that physicians affiliated with accountable care organizations can increase quality and reduce patient costs. 40 Demonstrating a potential economic benefit of quality measure attainment may encourage health plans to mandate their adoption, which could improve patient care and reduce unnecessary health care spending. An additional examination of the relationship between health care expenditure and measure achievement is currently underway, although future studies should examine this relationship in other commercial health plans, in addition to the Medicare population, who are more likely to receive suboptimal care.
11,12
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